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METHOD OF SCREENING FOR AGENTS THAT MODULATE 
IMMUNOPHILIN/PEPTroYLPROLINE CIS-TRANS ISOMERASE (PPIASE)- 

HOMER INTERACTION 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 
[0001] The invention relates generally to signal transduction in the modulation of 
immunosuppression and neuroprotection and, more specifically, to the exploitation of the 
mechanism of immimophilin/peptidylproline cis-trans isomerase (PPIase) and Homer 
interaction in the development of therapeutic reagents. 

BACKGROUND INFORMATION 

[0002] Many natural products are high affinity ligands to cellular proteins involved in 
signal transduction which are key to regulating cell growth, division and differentiation. 
One family of such natural products are the immunosuppressive drugs cyclosporin A (CsA), 
FK506 and rapamycin (Luan S., Bot Bull Acad Sin (1998) 39:217-223). 

[0003] Cellular studies suggest that all three drugs suppress the immune response by 
blocking the activation of T lymphocytes (Schreiber S., Science (1991) 251:283-287; Kunz 
and Hall, Biochem Sci (1993) 18:334-338). CsA and FK506 inhibit a Ca 2+ -dependent 
signaling pathway involved in activation of T cell receptors, while rapamycin blocks a Ca 2+ - 
independent pathway required for the proliferation of T cells upon stimulation by 
lymphokines such as interleukin-2 (Schreiber and Crabtree, Immunol Today (1992) 13:136- 
141 ; Sigal and Dumont, Ann Rev Immunol (1992) 10:5 19-560). In addition to blocking T 
cell activation, these drugs also have inhibitory effects on signaling pathways in other 
systems. For example, CsA and FK506 both block the Ca 2+ -dependent degranulation in 
mast cells (Hultsch et al., 1991). Rapamycin, on the other hand, has been shown to arrest 
yeast and some mammalian cells at the Gl phase in the cell cycle (Heitman et al., Science 
(1991) 253:905-909; Bierer et al., Proc Natl Acad Sci USA (1990) 250:556-559; Dumont et 
al., J Immunol (1990) 144:1418-1424; Price et al., Science (1992) 257:973-977). These 
findings suggest that CsA, FK506 and rapamycin may target molecules that are common 
signaling components in different systems. 
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[0004] To understand the molecular mechanisms of immunosuppression by CsA, FK506, 
and rapamycin, the cellular receptors of these drugs have been purified and characterized 
(reviewed by Schreiber, 1991; Fruman et al., FASEB J (1994) 8:391-400). CsA binds to a 
family of receptors named cyclophilins (CyPs), and FK506 and rapamycin bind to a distinct 
set of receptors called FKBPs (i.e., FK506 and rapamycin-Binding Proteins). These 
receptors are collectively referred to as immunophilins (Schreiber, 1991). 

[0005] Immunophilins have been shown to have peptidylproline cis-trans isomerase (PPIase 
or rotamase) activity (Harding et al., Nature (1989) 341:758-760; Fischer et al., Nature 
(1989) 337:476-478). Subsequent investigations have shown that the enzyme activity of 
both CyPs and FKBPs are competitively inhibited by binding of their specific ligands 
(Kofron et al., Biochemistry (1991) 30:6127-6134; Fesik et al., Science (1990) 250:1406- 
1409; Van Duyne et al., Science (1991) 252:839-842). However, some drug analogs can 
inhibit rotamase activity yet fail to suppress the immune response (Bierer et al., 1990). In 
particular, FK506 and rapamycin bind to exactly the same set of receptors but have different 
modes of action (Dumont et al., 1990; Bierer et al., 1990). 

[0006] Nevertheless, it appears that the complexes formed by immunophilin and their 
ligands are the functional module for immunosuppression (see, e.g., Liu et al., Cell (1991) 
66:807-815). For example, it has been demonstrated that the FKBP12-FK506 and CyP-CsA 
complexes, but not their separate components, bind to and inhibit the activity of calcineurin. 
Biochemical and cellular transfection studies have demonstrated that inhibition of 
calcineurin activity is necessary for the immunosuppressive effect of CsA and FK506 (Liu 
et al., Biochemistry (1992) 31:3896-3901; O'Keefe et al., Nature (1992) 357:692-694; 
Clipstone and Crabtree, Nature (1992) 357:695-697). In contrast, the complex formed by 
FKBP12 and rapamycin targets a 220 kDa protein referred to as FRAP (FKBP-Rapamycin 
Associated Protein) or RAFT1 (Rapamycin And FKBP12 Targets), a mammalian 
homologue of TORI and TOR2 in yeast that are involved in the signaling pathway leading 
to Gl-S progression in the cell cycle (Kunz et al., Trends Biochem Sci (1993) 18:334-338; 
Brown et al., Nature (1994) 369:756-758; Sabatini et al., Cell (1994) 78:35-43). 
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[0007] PPIase inhibitors are used clinically as immunosuppressants, but also have 
neuroprotective actions (Guo et aL, 2001; Snyder et aL, 1998). As stated above, their 
immunosuppressive activity is thought to arise from secondary inhibition of the phosphatase 
calcineurin, however, their mechanism of neuroprotective activity remains obscure. For 
example, while immunophilins inhibitors have been characterized that bind to the FKBP 
family of proteins and inhibit rotamase activity (supra), there is no clear relationship 
between this activity and therapeutic efficacy. In fact, their therapeutic efficacy remains 
controversial and clinical trials for treatment of diseases, such as Parkinson's Disease, 
recently failed (Gold and Nutt, 2002). It is therefore important to understand the molecular 
basis for activity of PPIase agents so that simple assays can be established to screen for 
optimally effective compounds. 

[0008] The present disclosure describes a novel mechanism of action of PPIases. Several 
lines of evidence indicate that the PPIase family of proteins regulate the binding of a protein 
described as "Homer" (see, e.g., U.S. Pat. No. 6,294,355, herein incorporated by reference, 
for a description of this protein) to its targets. This regulation is mediated in part by 
competition in binding to the Homer interacting proteins. 

[0009] Homer was originally identified based on its rapid transcriptional induction in brain 
neurons in response to depolarizing stimuli (Brakeman et aL, 1997). Homer mRNA 
induction does not require new protein synthesis, indicating that it is an immediate early 
gene (EEG). The IEG form of Homer was the founding member of a family of three 
mammalian genes termed Homer 1, 2 and 3 (Xiao et ai., 1998; Xiao et aL, 2000). The 
human genome also includes a Homer 2-like pseudogene. 

[00010] All Homer transcripts encode an N-terminal EVH1 domain which is named based 
on homology to Drosophila Ena and mammalian Vasp (Xiao et al., 2000). The EVH1 
domains of the three mammalian Homer genes are conserved at -90% identity. In the 
initial report that described Homer IEG (now termed Homer la), it was also demonstrated 
that Homer la binds the C-terminus of group 1 metabotropic glutamate receptors 
(Brakeman et aL, 1997). In subsequent work, the site of interaction in the metabotropic 
receptor and a consensus sequence for binding of Homer (Tu et al., 1998) have been 
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identified. The core consensus sequence is PPXXF (SEQ ID NO: 1), termed the Homer 
ligand (now termed type 1 Homer ligand). The EVH1 domain interaction with the Homer 
ligand was further defined by a co-crystai of Homer 1 and a synthetic peptide (Beneken et 
al., 2000). 

[00011] The co-crystal determined that the EVH1 fold is isomorphic to the plextrin 
homology (PH) domain (Figure 1). The co-crystal also identified surfaces of interaction 
with the Homer ligand and rationalized the consensus sequence of the Homer ligand. 
Critical sites of contact include an association between the second proline (TPPSPF, SEQ 
ID NO: 2) and tryptophan W24 in the Homer 1 EVH1, and between the phenylalanine and a 
pocket that extends to glycine 89 of the EVH1 domain (Beneken et al., 2000). The critical 
contribution of these sites of interaction to the overall energetics of binding was confirmed 
in assays of binding that used point mutants of the EVH1 domain. The crystal also 
indicated that the original consensus sequence PPXXFR (SEQ ID NO:3) should be 
modified to PXXF (SEQ ID NO:4) since the first proline is not essential for contact with the 
EVH1 domain. The first proline may contribute to the overall conformation of the local 
protein sequence. The contact at the second proline involves the amino acid backbone and 
not the proline side chain, so other amino acids could, in principle, substitute for proline. 
Additional prolines are common in natural Homer ligands and are rationalized to be 
important in defining the correct configuration of the ligand for binding, but not in direct 
contact with the EVH1 binding surface. Perhaps most importantly, the co-crystal 
demonstrated that the binding surface of the proline is similar to that of related EVH1 
domains of Ena, Mena and Vasp, but the surface for the phenylalanine is unique to the 
Homer subfamily. Thus, it has been concluded that the Homer genes are a subfamily of the 
EVH1 family which possess unique binding surfaces and ligand sequence recognition. 

[00012] All verified Homer transcripts, with the exception of Homer la, also encode a C- 
terminal coiled-coil motif (Xiao et al., 1998; Xiao et al., 2000). The coiled-coil domain 
mediates self-oligomerization. By forming self multimers, Homer proteins can bind to 
target proteins and induce them to remain in close physical association. In addition to the 
group 1 metabotropic glutamate receptors, Homer proteins bind to inositol trisphosphate 
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receptor (IP3R) (Tu et al., 1998), the ryanodine receptor (RyR) (Feng et al., 2002), the 
scaffolding protein family termed Shank (Tu et al., 1999), and several novel gene transcripts 
(see, e.g., U.S. Pat. No. 6,294,355 and U.S. Application No. 2003/0027147, each herein 
incorporated by reference in their entirety). 

[00013] Homer la is distinct from other Homer gene transcripts in that it is expressed as 
an immediate early gene and does not encode a coiled-coil domain, thus, it cannot self 
multimerize (Xiao et al., 1998). Based on these differences in expression dynamics and 
protein function, it is hypothesized that Homer la functions as a natural dominant negative 
protein to regulate the degree of coupling of Homer binding partners (Xiao et al., 2000). In 
physiological studies, it has been demonstrated that Homer la reduces coupling of mGluR 
to intracellular IP3R (Tu et al., 1998) and increases coupling of mGluR5 to membrane ion 
channels (Kammermeier et al., 2000). 

[00014] One of the central uncertainties in Homer function concerns the regulation of 
binding. The co-crystal of Homer EVH1 and mGluR5 peptide provided an important clue 
in that the ligand (TPPSPF, SEQ ID NO:2) assumed a specific structural conformation. 
Importantly, the prolines are required to be in specific configurations that are in trans for the 
first two prolines and in cis for the SPF. The trans configuration is energetically preferred 
in most sequences, so this raises the possibility that interaction between Homer and 
mGluR5 (or other binding partners) may be regulated by the conformational state of the 
proline sequence. 

[0001 5] All known Homer ligands include prolines, which are conformationally restricted 
and require the activity of cis-trans prolyl isomerases to interconvert (Figure 2). 
Accordingly, the possibility was considered that PPIases play a role in regulating Homer 
binding to its ligands. The present invention describes a mechanism of action for signal 
transduction which includes Homer and PPIase interaction. 

[00016] Several lines of evidence indicate that the PPIase family of proteins regulate the 
binding of Homer to its targets. This regulation is mediated in part by competition in 
binding to the Homer interacting proteins. Two protein targets that have been presently 
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identified, which are bound by both Homer and PPIases, include mGluR5 and TrpCl . 
Further, it has been determined that Homer and representative PPIases bind to the same 
target sequence in mGluR5/TrpCl and that there are competitive interactions that regulate 
their respective binding. 

[00017] Immunophilins bind to PPIases and disrupt their interaction with mGluR5/TrpCl . 
A consequence of this disruption is that Homer can more effectively bind to mGluR5 and 
TrpCl. Moreover, it appears that Homer and PPIases functions are naturally 
interdependent; PPIases may compete for Homer binding and thereby block the formation 
of signaling complexes. It also appears that PPIase activity is required to place the mGluR5 
sequence in the correct confirmation for Homer to bind. These findings have important 
implications for the development of novel PPIase agents that selectively modulate Homer 
signaling pathways. 

[00018] Using this mechanism of action, the present invention permits implementation of 
simple, robust and reliable high throughput assays that can identify a novel pharmacology 
of PPIase inhibitors that modulate Homer signaling. 

SUMMARY OF THE INVENTION 

[00019] The present invention provides a rationale and means for development of new 
classes of compounds that have broader effective dose ranges and optimal therapeutic 
efficacy than the present immunophilin/PPIase inhibitors. Assays are disclosed that identify 
agents which modify the binding of Homer to specific target proteins. Target proteins are 
selected based on either known interaction with Homer or presence of either a proline type 1 
or proline type 2 Homer ligand consensus sequence. For example, Homer interacting 
proteins include, but are not limited to, mGluRla, mGluR5 (Brakeman et al., 1997), Shank 
family members (Tu et al., 1999), EP3 receptor (Tu et al., 1998), ryanodine receptor (Feng et 
al., 2002), TrpCl and the set of Homer interacting proteins related to synapse activation 
(See, e.g., U.S. Pat. No. 6,294,355 and U.S. Pat. App. No. 20030027147). Further such 
proteins include, but are not limited to, other members of the Trp family and the related 
family including the vanilloid receptors (Montell et al., 2002). 
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[00020] Further, the present invention demonstrates that PPIase inhibitor effects are 
biphasic and dependent on both the dose and time of exposure. Thus, because known 
PPIase inhibitors modulate Homer binding at doses that are identical to those known to be 
effective in vivo, novel agents can be selectively identified by exploiting PPIase/Homer 
interaction and the biphasic nature of the PPIase/inhibitor response occurring over a dose 
range that is typically considered to be within the therapeutic range. 

[00021] In addition, a novel Homer binding site, termed a type 2 Homer ligand that is also 
sensitive to PPIase modulation, is disclosed which defines a new family of Homer target 
proteins. 

[00022] In one embodiment, disclosed assays are useful in screening for agents which 
modulate a Homer signaling pathway and include contacting polypeptides, proteins and/or 
fragments thereof, having a proline-type Homer ligand consensus sequence with test agents. 
Subsequent steps may include contacting the consensus sequence containing polypeptide or 
protein with a Homer protein to determine whether binding between the Homer and the 
polypeptide and Homer protein is increased or decreased, where increased or decreased 
binding between the consensus containing polypeptide and Homer protein is indicative of 
the presence of a modulating agent for a Homer signaling pathway. In one aspect, the 
determining step includes immunoprecipitation of a complex formed between the consensus 
containing protein/polypeptide and the Homer protein. 

[00023] In another aspect, the method is useful in screening for agents that have 
neuroprotective properties that may serve as effective therapeutic modalities against 
illnesses including, but not limited to, peripheral neuropathies and neurological pathologies 
related to neurodegeneration. 

[00024] In another aspect, agents are added to cells or cell lysates and the effect of the 
agent is assessed based on the ability of Homer to bind a specific protein. In one aspect, 
assays are described which can be used to screen for agents that modify TrpCl or mGluR5 
binding to GST-Homer. 
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[00025] In one aspect, the method is useful in screening for agents that have 
immunosuppressive properties that may be effective as therapeutic modalities against 
illnesses including, but not limited to, psoriasis, inflammatory bowel disease (such as 
Crohn's disease and ulcerative colitis), adult respiratory distress syndrome, dermatitis, 
meningitis, encephalitis, , eczema, asthma and other conditions involving infiltration of T 
cells and chronic inflammatory responses, skin hypersensitivity reactions, atherosclerosis, 
leukocyte adhesion deficiency, rheumatoid arthritis, systemic lupus erythematosus (SLE), 
diabetes mellitus, multiple sclerosis, Reynaud's syndrome, autoimmune thyroiditis, 
experimental autoimmune encephalomyelitis, Sjorgen's syndrome, juvenile onset diabetes, 
and immune responses associated with delayed hypersensitivity mediated by cytokines and 
T-lymphocytes typically found in tuberculosis, sarcoidosis, polymyositis, granulomatosis 
and vasculitis, pernicious anemia, diseases involving leukocyte diapedesis, CNS 
inflammatory disorder, multiple organ injury syndrome secondary to septicemia or trauma, 
autoimmune hemolytic anemia, myasthenia gravis; antigen-antibody complex mediated 
diseases and transplantations, including graft vs. host or host vs. graft disease. 

[00026] In a related aspect, the consensus containing polypeptide/protein and Homer 
protein are included in a cell or cell lysate. Further, the Homer ligand consensus sequence 
may be a proline-type 1 Homer ligand consensus sequence or a proline-type 2 Homer ligand 
consensus sequence, where the consensus sequence is denoted as set forth in SEQ ID Nos: 1 
and 4 , respectively. 

[00027] In another aspect, the assay includes an amino acid sequence having a homer 
ligand consensus sequence, where the sequence can be selected from proteins including, but 
not limited to, synphilin, EF2kinase, p70, Notch 4, AGDB-BP1, cytosolic thymidine kinase, 
neuronal PAS domain protein 2, zona pellucida sperm binding protein 3 precursor, Shank 
family of proteins, ryanodine receptor (RYR or sarcoplasmic reticulum calcium release 
channel), p82, androgen receptor, TrpCl, mGluRla and mGluRS. 

[00028] In one aspect, the assay may further include contacting the consensus containing 
amino acid sequence with a PPIase inhibitor in the presence of a PPIase. In a related aspect, 
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a PPIase inhibitor includes, but is not limited to, a rotamase inhibitor. In another aspect, the 
PPIase inhibitor may include FK506, cyclosporin A, or GPI1046. 

[00029] In one aspect, the method includes, but is not limited to, PPIases of the FKBP 
family, cyclophilin family, and Pin family of PPIases, for example. In a related aspect, the 
PPIase is FKBP 12 or FKBP52. 

[00030] In one aspect, the method includes a human Homer protein. However, the Homer 
protein may include, but is not limited to, the amino acid sequences as set forth in the 
accession number as provided herein. 

[00031] In one embodiment, a method of screening is disclosed for identifying Homer 
modulating agents which includes contacting transformed cells expressing recombinant 
amino acid sequences having a proline-type Homer ligand consensus sequence with a 
PPIase inhibitor and Homer protein in the presence or absence of a test agent to determine 
whether the agent decreases binding of Homer protein to the amino acid sequence, where 
decreased binding of the Homer protein to the amino acid sequence as agent concentration 
is increased indicates the presence of a competitive Homer ligand. In one aspect, the 
method includes, but is not limited to, PPIases of the FKBP family, cyclophilin family, and 
Pin family of PPIases, for example. In a related aspect, the PPIase is FKBP 12 or FKBP52. 

[00032] In one aspect, the modulating agent functions as a neuroprotective or immuno- 
suppressive agent. 

[00033] In another aspect, binding may be determined by an endpoint assay that includes, 
but is not limited to, modulation of Ca +2 signaling, modulation of phospholipase C (PLC), 
modulation of Trp channels, modulation of MAP kinase, modulation of phosphoinositide-3- 
kinase (PBkinase), modulation of ion channels, modulation of inositol 1,4,5-trisphosphate 
receptor/Ca +2 (IP3) channels, modulation of RYR channels, and modulation of growth 
factor dependent responses. 
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[00034] In one aspect, the method includes a human Homer protein. However, the Homer 
protein may include, but is not limited to, the amino acid sequences as set forth in the 
accession numbers provided herein. 

[00035] In one embodiment, a method of screening is disclosed for compounds which 
selectively modulate Homer binding in the presence of at least one PPIase inhibitor, where 
the PPIase inhibitor shows a biphasic affect at separate concentrations. In one aspect, the 
method includes contacting a transformed cell expressing a PPIase and a Homer ligand 
consensus containing amino acid sequence with a PPIase inhibitor at a concentration that 
does not inhibit Homer binding to the amino acid sequence and a separate transformed cell 
at a concentration that does inhibit Homer protein binding to the amino acid sequence. In 
another related aspect, the transformed cells are subsequently contacted with a test agent, 
and the Homer protein and the ligand consensus containing amino acid sequence interaction 
is determined, where modulation of the interaction by the agent at the concentration of 
PPIase inhibitor which does not inhibit binding of the Homer protein is indicative of the 
presence of a compound which selectively modulates Homer binding. In one aspect, the 
PPIase inhibitor is GPI 1046. 

[00036] In another aspect, the assay includes an amino acid sequence having a homer 
ligand consensus sequence, where the sequence can be selected from proteins including, but 
not limited to, synphilin, EF2kinase, p70, Notch 4, AGIE-BP1, cytosolic thymidine kinase, 
neuronal PAS domain protein 2, zona pellucida sperm binding protein 3 precursor, Shank 
family of proteins, ryanodine receptor, p82, androgen receptor, TrpCl, mGluRla and 
mGluRS. 

[00037] In one aspect, binding may be determined by an endpoint assay that includes, but 
is not limited to, modulation of Ca +2 signaling, modulation of PLC, modulation of Trp 
channels, modulation of MAP kinase, modulation of PBkinase, modulation of ion channels, 
modulation of IP3 channels, modulation of RYR channels, and modulation of growth factor 
dependent responses. 
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[00038] In one embodiment, synthetic oligopeptides are disclosed, including 
oligopeptides having at least 4 amino acid residues, but not more than 10 amino acid 
residues. In one aspect, the synthetic oligopeptides has a consensus sequence as set forth in 
SEQ ID NO: 4. 

[00039] In another embodiment, a synthetic oligopeptide as set forth as SEQ ID NO: 5 is 
disclosed. 

[00040] In one aspect, nucleic acids encoding synthetic oligopeptides are disclosed, 
including nucleic acids encoding oligopeptides having at least 4 amino acid residues, but 
not more than 10 amino acid residues, having a consensus sequence as set forth in SEQ ID 
NO: 4. In another aspect, nucleic acids are envisaged encoding the oligopeptide as set forth 
in SEQ ID NO: 4. 

[00041] In one embodiment, a nucleic acid as set forth in SEQ ID NO:6 is disclosed. 

[00042] In one embodiment, a method of preserving nerve bundles after surgery by 
administering to a subject in need thereof a therapeutic amount of a pharmaceutical 
composition which includes an agent identified by the methods disclosed in the present 
invention is described. 

[00043] In one aspect, the agent is administered during or subsequent to a surgical 
procedure. In another aspect, the surgical procedure involves neurological ailments, hi a 
further aspect, the surgical procedure includes, but is not limited to, radical prostatectomy, 
organ transplantation, trauma, and stroke. 

[00044] In another embodiment, a method of modulating sensory perception by 
administering to a subject in need thereof a therapeutic amount of a pharmaceutical 
composition which includes an agent identified by the methods disclosed in the present 
invention is described. In a related aspect, the sensory perception is tactile or temperature 
perception. 
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[00045] In another embodiment, a method of treating a neurological disorder by 
administering to a subject in need thereof a therapeutic amount of a pharmaceutical 
composition which includes an agent identified by the methods disclosed in the present 
invention is described. In one aspect, the neurological disorder includes, but is not limited 
to, peripheral neuropathies and neurological pathologies related to neurodegeneration. In 
another aspect, the disorder includes, but is not limited to, Alzheimer's disease, Parkinson's 
disease and amyotrophic lateral sclerosis. 

[00046] In one embodiment, a method of inducing immunosuppression or treating 
inflammation by administering to a subject in need thereof a therapeutic amount of a 
pharmaceutical composition which includes an agent identified by the methods disclosed in 
the present invention is described. 

[00047] In a related aspect, inducing immunosuppression is effective for treating 
disorders including psoriasis, inflammatory bowel disease (such as Crohn's disease and 
ulcerative colitis), adult respiratory distress syndrome, dermatitis, meningitis, encephalitis, 
eczema, asthma and other conditions involving infiltration of T cells and chronic 
inflammatory responses, skin hypersensitivity reactions, atherosclerosis, leukocyte adhesion 
deficiency, rheumatoid arthritis, systemic lupus erythematosus (SLE), diabetes mellitus, 
multiple sclerosis, Reynaud's syndrome, autoimmune thyroiditis, experimental autoimmune 
encephalomyelitis, Sjorgen's syndrome, juvenile onset diabetes, and immune responses 
associated with delayed hypersensitivity mediated by cytokines and T-lymphocytes 
typically found in tuberculosis, sarcoidosis, polymyositis, granulomatosis and vasculitis, 
pernicious anemia, diseases involving leukocyte diapedesis, CNS inflammatory disorder, 
multiple organ injury syndrome secondary to septicemia or trauma, autoimmune hemolytic 
anemia, myasthenia gravis, antigen-antibody complex mediated diseases, and 
transplantations, including graft vs. host or host vs. graft disease. 

[00048] In one embodiment, a method of treating hematological disorders by 
administering to a subject in need thereof a therapeutic amount of a pharmaceutical 
composition which includes an agent identified by the methods disclosed in the present 
invention is described. In one aspect, the hematological disorders include, but is not 
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limited to, lymphoblastic leukemia, acute or chronic myelogenous leukemia, Hodgkin's 
lymphoma, Non-Hodgkin's lymphoma, myelodysplastic syndrome, multiple myeloma, and 
chronic lymphocytic leukemia. 

[00049] In one embodiment, methods of diagnosing a homer signaling disorder are 
disclosed and include isolating and lysing biological samples from subjects suspected of 
exhibiting symptoms due to a pathological condition attributable to such a disorder. 
Subsequent steps may include lysing such samples in the presence of a PPIase inhibitor and 
contacting the lysed samples with one or more proteins or peptides that have a proline-type 
Homer ligand consensus sequence and a Homer protein, to determining whether protein or 
peptide and Homer protein bind. In one aspect, decreased binding between the consensus 
containing protein or peptide and the Homer protein is indicative of a Homer signaling 
disorder. 

[00050] In another aspect, a method is disclosed where the disorder is associated with 
increased PPIase activity. Such disorders may include but are not limited to 
immunosuppressive disorders, hematological disorders or neurological disorders. 

[00051] In one embodiment, a method is described for determining the efficacy of a 
PPIase inhibitor including determining such efficacy when the inhibitor demonstrates a 
biphasic effect on Homer binding to one or more proteins or peptides, where the increased 
or decreased binding between a Homer protein and the one or more proteins or peptides 
correlates with the therapeutic efficacy of the inhibitor. In a related aspect, the biphasic 
effect is a function of concentration. In another aspect, the biphasic effect is a function of 
time. 

[00052] In a further aspect, the inhibitor is being administered to treat an immunological 
disorder, a neurological disorder or a hematological disorder. 



[00053] Exemplary methods and compositions according to this invention are described 
in greater detail below. 
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BRIEF DESCRIP TION OF THIS DRAWINGS 

[00054] Figure 1 shows a co-crystal of Homer EVH1 from (Beneken, 2000). The binding 
surfaces for the second proline and phenylalanine side chains are visualized. The contact for. 
the phenylalanine is unique to the Homer EVH1 domain. The fold is isomorphic to the 
plextrin homology (PH) domain. 

[00055J Figure 2 illustrates that the conformation of the amino acid sequence is restricted 
at prolines to either cis or trans. Rotation around the peptidyl-prolyl bond involves the 
breaking and reforming of chemical bonds, and is catalyzed by prolyl isomerases. 

[00056] Figure 3 shows the chemical structures of the four classes of PPIase inhibitors. 
Modified from (Snyder, 1998). 

[00057] Figure 4 demonstrates the FK506 treatment of cells expressing mGluR5 results in 
time-dependent increase of mGluR5 binding to Homer. HEK293 cells were transfected with 
pRK5-mGluR5. 1 micromolar FK506 was added to the medium for differing intervals prior 
to harvesting and preparation of lysates in the indicated buffer, which include inhibitors of 
phosphatases and proteases. Lysates were mixed with glutathione agarose beads loaded with 
GST-Homer 3 EVH1 domain for 1 hr at 4 C. mGluR5 that bound to Homer was then 
analyzed by western blot. Lysates were also assayed to confirm expression of mGluR5 
(lower panel). Note the increase in mGluR5 that binds to Homer from lysates of cells 
treated for 3 hrs or longer with FK506. FK506 treatment did not substantially alter 
expression of mGluR5. 

[00058] Figure 5 shows that GPI1046 treatment of HEK293 cells that express mGluR5 
results in time-dependent increase of mGluR5 binding to Homer. The experiment is 
identical to Figure 4 with the exception that cells were treated with 1 micromolar GPI-1046. 

[00059] Figure 6 shows that FKBP52 binds mGluR5. mGluR5 was expressed in HEK293 
cells and lysates were assayed for binding to GST-FKBP52. Note FKBP52 binds mGluR5 
monomeric form preferentially while the major form in lysate is dimer. 
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[00060] Figure 7 shows that FKBP12 and FKBP52 co-expression with mGluR5 increases 
its in vitro binding to GSTHomer. Wild type mGluR5 was co-transfected with FKBP12 or 
FKBP52 and cell lysates were assayed for binding to GSTHomer. All constructs are tagged 
with HA epitope and expression of transgenes was confirmed in lysates (right panel). 
mGluR5 binding increased when co-expressed with FKBP 12 or 52, and greatest binding 
occurred with highest expression of FKBP protein (left panel). 

[00061] Figure 8 illustrates the family of Trp related proteins (from Clapham, 2001) 

[00062] Figure shows a sequence comparison of TrpC 1 with other Trps which illustrates 
the conservation of a putative Homer ligand in the C-terminus. Modified from (Wes, 1995). 
(This should be updated with the largest set of Trp/VRl family proteins that retain the 
PXXF [SEQ ID NO:3] motif.) 

[00063] Figure 1 0 demonstrates that TrpC 1 binds Homer 3. Detergent extracts were 
prepared from adult rat cerebellum (l%Triton-X100) the soluble lysate was assayed for 
binding to bead-linked GST-Homer 3 EVH1 or to Homer point mutants G91N or W27A. 
TrpCl migrated as a predominant dhner in the lysate. Monomeric TrpCl bound wild type 
Homer 3 EVH1 but not point mutant Homers. 

[00064] Figure 1 1 demonstrates that Trp CI co-immunoprecipitates with Homer from 
Adult Rat forebrain and Cerebellum. Soluble detergent lysates were prepared from 
cerebellum and hippocampus as described in Figure 10. Immune or preimmune serum was 
mixed with lyates and associated proteins precipitated with protein G sepharose. Trp CI 
monomer form co-IPs with Homer 1 from forebrain and while TrpCl monomer, and higher 
molecular weight multimers co-IP with Homer 3 from cerebellum. 

[00065] Figure 12 shows that Homer binds to two sites in TrpCl . Wild type and the 
indicated point mutants of TrpCl were transiently expressed in HEK293 cells and detergent 
lysates used in binding assays to GSTHomer. Left panels show mutations of the C-terminal 
Homer binding site while right panels show mutations in the N-terminal Homer binding 
site. See text for further description of results. 
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[00066] Figure 1 3 shows Homer binding to the N-terminus of TrpC 1 . The N-terminus 
(-250 aa) of TrpC 1 was transiently expressed as either wild type or the indicated point 
mutant in HEK293 cells and lysates were used for binding to GST Homer 3 or G91N or 
W27A point mutants of Homer 3. The glutamate receptor GluRl serves as a negative 
control for binding. All constructs are tagged with HA. Note that the wt TrpCl and point 
mutants show parallel binding to wt Homer and G91N Homer but not to W27A Homer. N- 
terminal TrpCl P20A and P23A do not bind Homer. 

[00067] Figure 14 demonstrates that FK506 increases TrpCl binding to HomerlEVHl . 
HEK293 cells that transiently express TrpCl were treated with FK506 for indicted time 
prior to preparation of lysates and binding to GST-Homer. Note that FK506 treatment 
increases TrpCl binding to Homer. 

[00068] Figure 15 demonstrates that TrpCl binds to FKBP52 and this interaction is 
modified by PPIase inhibitors. TrpCl was transiently expressed in HEK293 cells and 
lysates were treated with the indicated concentrations of FK506, GPI1046, cyclosporin A or 
aniracetam (negative control) and assayed for TrpCl binding to GSTHomer. TrpCl 
migrates as both a monomer and dimer. Note that FK506, GPI1046 and cyclosporin A (but 
not aniracetam) treatment results in increased TrpCl binding to Homer. 

[00069] Figure 16 demonstrates that Homer Binding to TrpCl is inhibited by co- 
expressed FKBP12 or FKBP52. TrpCl and either FKBP12 or FKBP52 were transiently 
expressed in HEK293 cells and lysates assayed for binding to GST-Homer. FKBP12 or 
FKBP52 inhibited the binding of TrpCl to Homer but did not substantially affect 
expression of TrpCl in lyates. 

[00070] Figure 17 shows that Homer binding to mGluRl is increases with the addition of 
FK-506 in vivo in Rats. Rats were injected with FK-506 and subsequently sacrificed where 
the cerebellum was collected. (A) Homer 3 co-precipitation of mGluRl. (B) WT GST 
Homer -3 co-immunoprecipitation of mGluRl. 

[00071] Figure 18 shows the open reading frame nucleotide coding the sequence (ORF) 
of a rat Homer protein (SEQ ID NO:6). 
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[00072] Figure 1 9 shows the deduced amino acid sequence of rat Homer protein (SEQ ID 
NO:7). 

DETAILED DESC RIPTION OF THE INVENTION 

(00073] Homer binds to proline rich sequences that are present in group 1 metabotropic 
glutamate receptors, inositol trisphosphate receptors, ryanodine receptors, shank family 
members, Tip family members, voltage sensitive ion channels and several additional 
proteins. The present invention demonstrates that Homer's binding and function are 
dependent upon cis-trans peptide prolyl isomerases (PPIase). Like Homer, PPIases bind to 
proline rich sequences that in many cases appear identical to sequences bound by Homer. 
PPIases catalyze interconversion of cis trans configurations at the prolyl bond (Gothel and 
Marahiel, 1999; Schiene and Fischer, 2000). Several classes of compounds have been 
identified that bind to PPIase enzymes and inhibit their enzyme activity. These compounds 
are important therapeutically and include FK506, rapamycin and cyclosporin A (Snyder et 
al., 1998; Steiner et al., 1997). The effect of available compounds on Homer binding 
indicates a novel pharmacology since binding is enhanced by different classes of rotamase 
inhibitors including cyclosporin A, GPI 1046, and FK506. None of these agents is optimal 
since cyclosporin A and FK506 have immunosuppression effects that would limit their 
general utility. GPI 1046 shows potent enhancement of TrpCl binding to Homer at lOnM 
but the effect decreases with higher doses or longer times. This biphasic effect is 
anticipated to limit its utility as a modulator of Homer binding. 

[00074] The systemic actions of these compounds are complex and include, 
immunosuppression, neuroprotection and induction of neurite outgrowth. While 
immunosuppression is thought to be due to secondary action of inhibition of calcineurin, 
actions on neurons are not understood. The data below demonstrate that these compounds 
alter binding of Homer to its target proteins. Since Homer is an adaptor protein that 
assembles signaling complexes, the activity of immunophilins of regulating Homer binding 
can have wide ranging effects of altering neurotransmitter and growth factor signaling, and 
may rationalize neuroprotective actions of PPIases. This mechanism of action appears to be 
due, in part, to a natural competition between Homer and PPIases in binding to proline rich 
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sequences. The PPIase may also be important for establishing the correct conformation of 
the proline to permit Homer binding. These observations, and described methods, provide a 
means to identify novel PPIase antagonists with optimal therapeutic activities. 
Additionally, they validate Homer as an independent target for development of drugs with 
an anticipated market that parallels and extends PPIase inhibitors. 

[00075] Before the present invention is described, it is understood that this invention is 
not limited to the particular methodology, protocols, and reagents described as these may 
vary. It is also to be understood that the terminology used herein is for the purpose of 
describing particular embodiments only, and is not intended to limit the scope of the present 
invention which will be described by the appended claims. 

[00076] It must be noted that as used herein and in the appended claims, the singular 
forms "a", "an", and "the" include plural reference unless the context clearly dictates 
otherwise. Thus, for example, reference to "a subject" includes a plurality of such subjects, 
reference to "a nucleic acid" includes one or more nucleic acids and equivalents thereof 
known to those skilled in the art, and so forth. 

[00077] Unless defined otherwise, all technical and scientific terms used herein have the 
same meanings as commonly understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials similar or equivalent to those 
described herein can be used in the practice or testing of the present invention, the methods, 
devices, and materials are now described. All publications mentioned herein are 
incorporated herein by reference for the purpose of describing and disclosing the proteins, 
compounds, and methodologies which are reported in the publications which might be used 
in connection with the invention. Nothing herein is to be construed as an admission that the 
invention is not entitled to antedate such disclosure by virtue of prior invention. 

[00078] As used herein, "biological sample," including grammatical variations thereof, 
means a sample from an organism and may include, but is not limited to, tissues, bones, 
hair, urine, stool, blood, organs, and the like. 
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[00079] As used herein, "modulating agents," including grammatical variations thereof, 
means a chemical composition which varies the binding, activity or function of a Homer 
protein and would include agonists, antagonists, inverse agonists, competitive and non- 
competitive inhibitors and cognate ligands. 

[00080] As used herein, "proline-type Homer consensus ligand," including variations 
thereof, means an arrangement of amino acid sequences comprising the contiguous motif 
"PXXF (SEQ ID NO:3)" or "PSSP (SEQ ID NO:4)," denoted as a proline-type 1 Homer 
ligand consensus sequence and a proline-type 2 ligand consensus sequence, respectively. 

[00081] An example of a protein containing such proline-type Homer consensus sequence 
includes, but is not limited to, synphilin (e.g., Acc. No. NP005451), EF2kinase (e.g., 
NP037434), p70 (e.g., Acc. No. AAB97097), Notch 4 (e.g., NP004548), AGIE-BP1 (e.g., 
Q00900), cytosolic thymidine kinase (e.g., Acc. No. NP003249), neuronal PAS domain 
protein 2 (e.g., NP840084), zona pellucida sperm binding protein 3 precursor (e.g., 
NP009086), Shank family of proteins (e.g., Acc. Nos. Q9JLU4, NP1 13939, NP067708, 
Q9WV48, P97836, AAF61375 and AAD29417), ryanodine receptor (e.g., Acc. No. 
NP000531), p82 (e.g., Acc. No. AAC50926), androgen receptor (e.g., Acc. No. P10275), 
TrpCl (e.g., Acc. Nos. NP776901, NP003295, NP057263), mGluRla (e.g., Acc. No. 
NP000829) or mGluR5 (e.g., Acc. No. BAA05891). 

[00082] Sequences for immunophilins and PPIases include, but are not limited to, the 
following proteins CyA BP (e.g., human, Acc. No. P05092), FKBP59 (e.g., rat, Acc. No. 
Q9QVC8; human, Acc. No. XP302507), FKBP12.6 (e.g., human, Acc. No. Q16645), 
FKBP52 (e.g., mouse, P30416; human, Q02790), Pinl (e.g., human, Q13526), FKB4 (e.g., 
yeast, Q06205), FKBP54 (e.g., human, Q13451), and FKBP12 (e.g., human, P20071). 

[00083] As used herein, "neuroprotective agents," including variations thereof, means 
any chemical composition intended to prevent damage to the brain or spinal cord from 
ischemia, stroke, convulsions, or trauma. In a related aspect, such agents may be 
administered before or during an event, but others may be administered some time after. 



WO 2005/007844 




T/US2003/019499 



20 



[00084] As used herein, "immunosuppressive agent," including variations thereof, means 
any chemical composition which has the effect of suppressing the immune system. 

[00085] As used herein "a competitive agent," including grammatical variations thereof, 
means a chemical composition that occupies the active site of an enzyme or the binding site 
of a receptor and prevents a substrate, modulator or ligand from binding. In a related 
aspect, for example, at sufficiently high concentration of the normal ligand, inhibition is 
lost. Further, in the presence of such a competitive ligand the Km is altered, but the Vmax 
remains the same. 

[00086] As used herein, "biphasic affect," including grammatical variations thereof, 
means two separate and distinct responses that are separated in time, immediate reaction or 
quality depending on the concentration and/or temporal administration of an added chemical 
composition. 

[00087] As used herein, "synthetic oligopeptide," including grammatical variations 
thereof, means an artificial peptide of a small number of component amino acids as opposed 
to a polypeptide. For example, such oligopeptides comprise about from 1 to about 40 amino 
acids. In a related aspect, such peptides comprise from about 2 to about 30 amino acids in 
length, from about 3 to 20 amino acids in length or about 4 to 10 amino acids in length. 

[00088] As used herein, "transformed cell," including grammatical variations thereof, 
means any cell possessing an altered property that is stably inherited by its progeny. 

[00089] As used herein, "efficacy," including grammatical variations thereof, means the 
ability of a drug to effect an illness. For example, efficacy can be used to monitor 
immunosuppressive therapy and the ability of a drug to provide neuroprotective effects. 
Further such a functional measure (i.e., efficacy) can be used to measure optimal dose and 
side effects. 

[00090] As used herein, "preserving nerve bundles," including grammatical variations 
thereof, means protecting nerves from injury due to nerve cutting, trauma, or organic 
deterioration. For example, such injury can include, but is not limited to, stretching the 
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nerve, dissecting a nerve or affecting an area such that blood supply to a nerve is 
diminished. 

[00091] As used herein, "Homer signaling related disorders" include, but are not limited 
to, psoriasis, inflammatory bowel disease (such as Crohn's disease and ulcerative colitis), 
adult respiratory distress syndrome, dermatitis, meningitis, encephalitis, eczema, asthma 
and other conditions involving infiltration of T cells and chronic inflammatory responses, 
skin hypersensitivity reactions, atherosclerosis, leukocyte adhesion deficiency, rheumatoid 
arthritis, systemic lupus erythematosus (SLE), diabetes mellitus, multiple sclerosis, 
Reynaud's syndrome, autoimmune thyroiditis, experimental autoimmune encephalomyelitis, 
Sjorgen's syndrome, juvenile onset diabetes, and immune responses associated with delayed 
hypersensitivity mediated by cytokines and T-lymphocytes typically found in tuberculosis, 
sarcoidosis, polymyositis, granulomatosis and vasculitis, pernicious anemia, diseases 
involving leukocyte diapedesis, CNS inflammatory disorder, multiple organ injury 
syndrome secondary to septicemia or trauma, autoimmune hemolytic anemia, myasthenia 
gravis, antigen-antibody complex mediated diseases, and transplantations, including graft 
vs. host, host vs. graft disease, radical prostatectomy, organ transplantation, trauma, stroke, 
Alzheimer's disease, Parkinson's disease, amyotrophic lateral sclerosis, lymphoblastic 
leukemia, acute or chronic myelogenous leukemia, Hodgkin's lymphoma, Non-Hodgkin's 
lymphoma, myelodysplastic syndrome, multiple myeloma, and chronic lymphocytic 
leukemia. 

[00092] The nucleotide coding sequence of the Homer protein isolated from rat brain is 
shown in FIG. 18 as SEQ ID NO:6. The coding sequence has an open reading frame (ORF) 
of 558 nucleotides (FIG. 18; SEQ ID NO: 6). A 6.5 kb mRNA derived from this DNA 
encodes a 186 amino acid protein (FIG. 19; SEQ ID NO: 7). A long 3' UTR (Acc. No. 
U92079) encodes multiple AUUUA (SEQ ID NO:8) repeats, such as have been implicated 
in mRNA destabilization of immediate early genes (IEG). The amino acid sequence predicts 
a soluble protein that contains a single GLGF sequence and a preceding arginine (FIG. 7), a 
so-called "PDZ-like domain" which is predicted to have certain binding properties, based on 
its characterization in different, unrelated proteins, such as PSD-95. 
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[00093] Additional Homer protein family members can be identified using a differential 
screening protocol in conjunction with probes based on the sequences described herein, and 
according to methods well known in the art (See, e.g., U.S. Pat. No. 6,294,355). 
Alternatively or in addition, such proteins are identified by (i) substantial homology at the 
nucleotide or protein sequence level to the rat Homer coding sequence or protein, (ii) ability 
to bind to and affect the activity of effector proteins in the CNS, such as metabotropic 
glutamate receptors, (iii) binding specificity for a particular binding sequence, and (iv) 
presence in the sequence of a Homer PDZ-like domain. As implied by its differential 
expression in stimulated rat brain expression of the gene is stimulated by excitatory synaptic 
activity (U.S. Pat. No. 6,294,355). 

[00094] From the present disclosure of the rat Homer coding and polypeptide sequences, 
identification of additional members of the Homer polypeptide family having substantial 
homology to Homer can be accomplished by one or more methods known to persons skilled 
in the art, and discussed below. 

[00095] For example, using nucleotide probes derived from SEQ ID NO: 6, the family 
members are identified by screening appropriate libraries. In particular, hybridization 
probes derived from nt 558-nt 1 127 of the nearly full length cDNA reported to Genbank 
(Accession #: U92079) can be synthesized on commercially available DNA synthesizers 
(e.g., Applied Biosystems Model 381 A) using standard techniques well known in the art 
(Ausubel, et al., 1992). A particularly appropriate library is a CNS or brain library, such as 
the human brain libraries which are commercially available from Stratagene (La Jolla, 
Calif.) and InVitrogen (San Diego, Calif.). The probe is typically hybridized at 65°C. and 
washed at 55°C. (moderate stringency screens). Clones identified by this method are 
isolated and their coding sequences determined, according to methods known in the art. 
Clones are further selected if their deduced amino acid sequences minimally include a 
Homer PDZ-like domain region, as discussed above. 

[00096] Further characterization of selected clones is carried out by insertion of the 
isolated coding regions into vectors for expression in an appropriate expression system 
known in the art. Translated products are then isolated and are tested for ability to bind to 
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specific target proteins in the CNS and binding specificity for a particular peptide binding 
sequences, including, but not limited to, SSTL (SEQ ID NO:9), SSSL (SEQ ID NO: 10), 
PXXF (SEQ ID NO:3) and PSSP (SEQ ID NO:4). 

[00097] Further, using the protein sequences presented., e.g., SEQ ID NO: 6 (rat Homer) 
shown in FIG. 19, as a templates, it is appreciated that additional family members can be 
identified based on (i) sequence variation between and among the polypeptides and (ii) 
conservative substitution of amino acids within the sequences. 

[00098] Moreover, Homer protein sequences may include, but are not limited to, 
sequences as set forth in the following accession numbers: NP004829, NP004830, 
NP004263, NP671705, NP445762 andNP445761. 

[00099] Thus, looking at the N-terminal region of the polypeptides shown in FIG. it is 
apparent that the first 30 amino acids are invariant among the three sequences. However, 
positions 3 1-34 differ. The rat sequence is AVTV (SEQ ED NO: 11), while the human and 
mouse proteins share the sequence GHRF (SEQ ID NO: 12). From this variation, it is 
possible to construct polypeptides in which positions 31-34 have the variable sequences: 
A/G V/H T/R V/F. Further regions of variability are apparent from inspection of the 
aligned sequences. Certain regions of the rat Homer protein have been identified as 
significant in the context of its function. For example, the PDZ-like domain GLGF 
sequence and preceding arginine at positions 87-90 and 81, respectively, may form a 
"binding pocket", based on the known binding pocket of the synaptic binding protein 
PSD95 (Kornau, et al, 1995). In accordance with the foregoing guidelines concerning 
substitution, this region is invariant among the three exemplified synaptic activation 
proteins and should therefore be conserved in any sequences deduced from these proteins. 

[000100] Further substitution at the identified variable positions may be made by making 
conservative amino acid substitutions. That is, if the two or more of the possible amino 
acids at a variant position are in a common substitution class, substitution at that position by 
an amino acid within that class may preserve the conformation and function of the 
polypeptide. Standard substitution classes that can be used in this analysis are the six 
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classes based on common side chain properties and highest frequency of substitution in 
homologous proteins in nature, as determined, for example, by a standard Dayhoff 
frequency exchange matrix (Dayhoff, 1972). These classes are Class I: C; Class H: S, T, P, 
X A, and G representing small aliphatic side chains and OH-group side chains; Class HI: N, 
Q, D, and C, representing neutral and negatively charged side chains capable of forming 
hydrogen bonds; Class IV: H, R, and K, representing basic polar side chains; Class V: I, V, 
and L, representing branched aliphatic side chains, and Met; and Class VI: F, Y, and W, 
representing aromatic side chains. In addition, each group may include related amino acid 
analogs, such as ornithine, homoarginine, N-methyl lysine, dimethyl lysine, or trimethyl 
lysine in class IV, and cyclohexylalanine or a halogenated tyrosine in Group VI. Further, the 
classes may include both L and D stereoisomers, although L-amino acids are preferred for 
substitutions. 

[000101] Polypeptide sequences designed according to the foregoing guidelines can be 
produced, for example by recombinant expression. The selected ORF is cloned as a fusion 
with glutathionione-S-transferase (GST) and is express in bacteria. Alternatively, the ORF 
may be cloned into a mammalian expression vector and expressed in mammalian cells, 
according to methods known in the art. 

[000102] In accordance with the present invention, synaptic activation proteins bind 
cellular components. After determining the cellular binding partner candidate, the synaptic 
activation protein can be further tested for binding to the candidate in one or more of the in 
vitro binding assays such as those described below. 

[000103] For example, the bacterially expressed GST-Homer fusion protein was tested for 
binding to native mGluR5 in detergent extracts of hippocampus in an in vitro binding assay. 
As shown in FIG. _, mGluR5 binds to GST-Homer fusion protein, but not to GST alone. 
GST-Homer pull down assays can use purified proteins, recombinant proteins in 
heterologous cells, native proteins from cell lines or primary cultures or whole animals. For 
these assays, point mutants of homer (W24A or G89N mutants of Homer 1 or equivalent 
mutants in Homer 2 or 3) provide informative negative controls (Beneken et al., 2000). 
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Effects on Homer interaction with target proteins can also be assayed by co- 
immunoprecipitation (co-IP) from the same protein sources (see below). 

[000104] Assays may also test known or suspected Homer-dependent signaling pathways 
including: Ca signaling, activation of PLC, activation of MAP kinase, P13kinase, 
modulation of membrane ion channels, activation of Trp channels, activation of IP3 or RYR 
channels, and growth factor dependent responses. 

[000105] Assays can also examine functions of tissues in organ bath or in vivo 
preparations. These assays are guided by current studies of Homer transgenic mice, which 
provide insight into organ functions that are dependent on Homer and include: cerebellar 
function, responses to drugs of addiction, pain and thermal responses, hair color, skeletal or 
cardiac muscle contraction and pancreatic secretion. 

[000106] Distinct pharmacologies may be identified for specific therapeutic goals. For 
example, agents that enhance Homer-dependent signaling and coupling to growth factors 
may be neuroprotective, while agents that affect homer-dependent coupling to ryanodine 
receptors could alter cardiac contractility. 

[000107] The present mechanism as disclosed also indicates that Homer acts in concert 
with FKBPs and possibly other PPIases. In several experimental models, FKBPs appear to 
compete with PPIases for binding (see below). Further, it appears that the isomerase 
activity is important to establish the correct conformation of the target protein for Homer 
binding. This notion suggests that pharmacological responses to PPIase inhibitors are 
mediated, in part, by modification of Homer binding. It is therefore anticipated that agents 
that directly modify Homer binding to its target will be effective for a similar range of 
conditions. Agents that inhibit PPIases are thought to act by mimicking the proline present 
in their binding site. Because Homer also binds prolines, it is anticipated that prolyhnimetic 
agents bind to the ligand recognition surface of Homer. Thus, both the physiology and 
medicinal chemistry may be shared by PPIases and Homer. 
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[000108] Transgenic mouse models can be used to define functions of Homer in calcium- 
dependent signaling in many tissues, including brain neurons, and it is anticipated that 
PPIases that regulate Homer binding will have therapeutic actions. 

[000109] It is important to note that assays of modified Homer binding are distinct from 
assays of rotamase activity. Homer binds to a specific isomer of the target protein and our 
assay detects the amount of this protein available to bind Homer. This is a distinct end 
point from rotamase inhibition. Modulation of Homer binding is the desired physiological 
end point and so assays of this are valuable and reliable. Based on data using available 
PPIase inhibitors, it is anticipated that the pharmacology of agents that regulate Homer 
binding will be distinct from previously reported pharmacology. Moreover, the invention 
demonstrates that Homer binding to mGluR5 is sensitive to the phosphorylation state of the 
binding site in mGluR5. This may be coupled to PPIase since activity of certain PPIases is 
linked to phosphorylation of the target sequence (Lu, 2000). 

[0001 10] Another method of assessing binding in vitro is provided by a co- 
immunoprecipitation assay, in which an antibody directed to one of the proteins is used to 
assess whether the two proteins form a binding complex in solution. Results of such assays, 
i.e., testing co-immunoprecipitation of mGluRS with Homer from hippocampus are 
demonstrated in Example 7. It can be demonstrated that extracts of hippocampus are 
immunoprecipitated with either pre-immune serum, anti-Homer serum or anti-Homer serum 
pretreated with GST-Homer. mGluRS co-immunoprecipitates with Homer antiserum but 
not pre-immune serum. Additionally, co-immunoprecipitation is blocked by preadsorption 
of antisera with Homer antigen, indicating the specificity of the antisera for the rat Homer 
protein. 

[000111] The potential for natural interaction between the synaptic activation protein and 
the candidate binding partner can be further assessed in situ and by immunostaining sections 
of brain tissue with antibodies directed to each of the proteins. The goal of such analysis is 
to establish that both proteins are expressed in the same regions of the cell. For example, 
immunostaining experiments of the rat Homer protein with anti-Homer antiserum and 
immunostaining of mGluR5 with anti-mGluR5 antibodies in adult rat parietal cortex 
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demonstrate that mGluR5 and Homer immunostaining are both enriched in apical dendrites 
of Layer V pyramidal neurons. These data provide anatomic support for the interaction in 
vivo between the Homer protein and mGluR5. 

[000112] The synaptic activation proteins described herein may be used in screening assays 
to identify compounds that interfere with or modulate binding of the protein Homer to 
mGluR5 or mGluRla, and hence with Pi-linked mGluR activity. In accordance with the 
present invention, compounds identified by this screening assay may be used as drugs for 
treating epilepsy, abnormal brain development, neural injury, trauma and certain chemical 
addictions. 

[000113] Assay formats for measuring the protein-protein interaction are known in the art. 
For example, purified synaptic activation protein can be coated onto a solid phase, such as a 
microtiter plate, followed by blocking of open plate binding sites, according to standard 
methods. mGluR is then added to the plate in the absence or presence of a test compound. 
Detection of mGluR bound to synaptic activation protein is accomplished by direct labeling 
of the mGluR or by subsequent addition of a labeled, mGluR-specific binding reagent, such 
as an antibody. The binding reagent may be radiolabeled, e.g., with l25 I, or may be labeled 
with a fluorescent dye, an enzyme capable of generating a signal (e.g., horseradish 
peroxidase), gold or biotin according to methods well know in the art (Howard, 1993). 
Detection of binding is then carried out using methods appropriate to the signal generated. 
A test compound is selected for drug development if it significantly alters binding between 
the proteins. 

[000114] Accordingly, polynucleotides forming part of the present invention can be used in 
the large-scale production of PPIase, synaptic activation proteins/proline-type Homer 
ligands for the described screening assays. 

[000115] At least two different assay systems, described in the subsections below, can be 
designed and used as high-throughput screening assays to identify compounds or 
compositions that modulate or alter Homer protein activity. The screening assays described 
herein may be used singly or in combination with other assays, including animal models, to 
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identify compounds which modulate Homer protein activity, Homer protein/PPIase 
interaction and/or Homer protein/proline-type Homer ligand consensus sequence 
interaction. 

[000116] The systems described below may be formulated into kits. To this end, Homer 
protein, either wild type or mutant, or cells expressing Homer protein, either wild type or 
mutant, can be packaged in a variety of containers, e.g., vials, tubes, microtitre well plates, 
bottles and the like. Other reagents can be included in separate containers and provided 
with the kit, e.g., positive controls samples, negative controls samples, proline-type Homer 
ligand consensus sequence containing peptides and/or proteins, reporter constructs, buffers, 
cell culture media, etc. 

[000117] In addition, animal-based systems or models may be used to identify compounds 
capable of ameliorating symptoms of various disorders. Such animal models may be used 
as test substrates for the identification of drug pharmaceuticals, therapies and interventions, 
including compounds, small molecules, ribozymes and antisense molecules that may be 
effective in treating such disorders. Any compound tested in the high-throughput screening 
assays as may be tested in animals. In particular, any compound identified in the high- 
throughput assays as altering Homer protein activity, Homer protein/PPIase interaction 
and/or Homer protein/proline-type Homer ligand consensus sequence interaction may 
further be tested in an animal. For example animal models may be exposed to a compound 
suspected of exhibiting an ability to modulate a Homer signaling pathway, at a sufficient 
concentration and for a sufficient time to elicit such a modulation of a Homer signaling 
related disorder in the exposed animals. The response of the animals to the exposure may 
be monitored by assessing the reversal of symptoms related to Homer signaling or any other 
way found suitable to assay the effects of such compounds in animals or humans. 

[000118] In accordance with the invention, a cell-based assay system can be used to screen 
for compounds that modulate the activity of Homer protein activity, Homer protein/PPIase 
interaction and/or Homer protein/proline-type Homer ligand consensus sequence 
interaction. To this end, cells, or lysates thereof, that endogenously express Homer protein, 
Homer protein/PPIase and/or Homer protein/proline-type Homer ligand consensus 
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sequence, either wild type or mutant, can be used to screen for compounds useful in the 
alteration or modulation of Homer protein activity, Homer protein/PPIase interaction and/or 
Homer protein/proline-type Homer ligand consensus sequence interaction. Cells isolated 
from transgenic animals engineered to express Homer protein, Homer protein/PPIase and/or 
Homer protein/proline-type Homer ligand consensus sequence or primary cells expressing 
Homer protein, Homer protein/PPIase and/or Homer protein/proline-type Homer ligand 
consensus sequence isolated from animal or human tissue may be used for screening 
purposes. Alternatively, cell lines genetically engineered to express Homer protein, PPIase 
and/or a proline-type Homer ligand consensus sequence, or lysates thereof, may be used for 
screening purposes. In one embodiment, host cells genetically engineered to express a 
functional Homer protein, PPIase and/or a proline-type Homer ligand consensus sequence 
or lysates thereof, may be used for screening purposes. 

[0001191 In utilizing such cell systems, the cells expressing Homer protein, PPIase and/or a 
proline-type Homer ligand consensus sequence are exposed to a test compound or to vehicle 
controls (e.g., placebos). After exposure, the cells can then be assayed, for example, to 
measure the expression and/or activity of components of the signal transduction pathway of 
the Homer protein, or the activity of the signal transduction pathway itself can be assayed. 
In this regard, any intermediate step in the signal transduction pathway can be measured or 
assayed to determine the effect of the test compound on the activity of Homer protein 
activity, Homer protein/PPIase interaction and/or Homer protein/proline-type Homer ligand 
consensus sequence interaction in/on the signal transduction pathway. For example, after 
exposure, cell lysates can be assayed for modulation of Ca +2 signaling, modulation of PLC, 
modulation of Trp channels, modulation of MAP kinase, modulation of PBkinase, 
modulation of ion channels, modulation of IP3 channels, modulation of RYR channels, and 
modulation of growth factor dependent responses by means well known in the art. Such 
assays provide a simple, sensitive, easily automatable detection system for pharmaceutical 
screening. 

[000120] In addition to cell based assays, non-cell based assay systems may be used to 
identify compounds that regulate or alter the Homer protein activity, Homer protein/PPIase 
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interaction and/or Homer protein/proline-type Homer ligand consensus sequence 
interaction. In accordance with the invention, recombinantly expressed Homer protein, 
PPIase and/or proline-type Homer ligand consensus sequence, including phosphorylated 
Homer protein, PPIase and/or a proline-type Homer ligand consensus sequence, or cell 
lysates obtained from cells that express such products may be used in the screening assays 
described herein. Such compounds may act as agonists or antagonists of Homer protein 
activity, Homer protein/PPIase interaction and/or Homer protein/proline-type Homer ligand 
consensus sequence interaction and maybe used in the treatment of Homer signaling related 
disorders. 

[000121] Isolated membranes may be used to identify compounds that interact with Homer 
protein. For example, in a typical experiment using isolated membranes, 293 cells may be 
genetically engineered to express the Homer protein, PPIase and/or proline-type Homer 
ligand consensus sequences. Membranes can be harvested by standard techniques and used 
in an in vitro binding assay, e.g., specific binding is determined by comparison with binding 
assays performed in the presence of excess unlabeled ligand. 

[000122] In one approach to screening assays, Homer protein fragments, PPIase fragments 
and/or proline-type Homer ligand consensus sequences are displayed on the surface of a cell 
or viral particle, and the ability of particular cells or cell-lysate products via the displayed 
product is detected in a "panning assay". For example, the gene library can be cloned into 
the gene for a surface membrane protein of a bacterial cell, and the resulting fusion protein 
detected by panning (Ladner et al., WO 88/06630; Fuchs et al. (1991) Bio/Technology 
9:1370-1371; and Goward et al. (1992) TIBS 18:136-140). 

[000123] A gene library can be expressed as a fusion protein on the surface of a viral 
particle. For instance, in the filamentous phage system, foreign peptide sequences can be 
expressed on the surface of infectious phage, thereby conferring two significant benefits. 
First, since these phage can be applied to affinity matrices at concentrations well over 10 13 
phage per milliliter, a large number of phage can be screened at one time. Second, since 
each infectious phage displays a gene product on its surface, if a particular phage is 
recovered from an affinity matrix in low yield, the phage can be amplified by another round 
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of infection. The group of almost identical E. coli filamentous phages M13, fd, and fl are 
most often used in phage display libraries. Either of the phage gHI or gVm coat proteins 
can be used to generate fusion proteins without disrupting the ultimate packaging of the 
viral particle. Foreign epitopes can be expressed at the NH 2 -terminal end of pin and phage 
bearing such epitopes recovered from a large excess of phage lacking this epitope (Ladner 
et al. PCT publication WO 90/02909; Garrard et al., PCT publication WO 92/09690; Marks 
et al. (1992) J. Biol. Chem. 267:16007-16010; Griffiths et al. (1993) EMBO J 12:725-734; 
Clackson et al. (1991) Nature 352:624-628; and Barbas et al. (1992) PNAS 89:4457-4461). 

[000124] A common approach uses the maltose receptor of E. coli (the outer membrane 
protein, LamB) as a peptide fusion partner (Charbit et al. (1986) EMBO 5, 3029-3037). 
Oligonucleotides have been inserted into plasmids encoding the LamB gene to produce 
peptides fused into one of the extracellular loops of the protein. These peptides are 
available for binding to Homer protein, PPIase and/or proline-type Homer ligand consensus 
sequences. Other cell surface proteins, e.g., OmpA (Schorr et al. (1991) Vaccines 91, pp. 
387-392), PhoE (Agterberg, et al. (1990) Gene 88, 37-45), and PAL (Fuchs et al. (1991) 
Bio/Tech 9, 1369-1372), as well as large bacterial surface structures have served as vehicles 
for peptide display. Peptides can be fused to pilin, a protein which polymerizes to form the 
pilus-a conduit for interbacterial exchange of genetic information (Thiry et al. (1989) Appl. 
Environ. Microbiol. 55, 984-993). Because of its role in interacting with other cells, the 
pilus provides a useful support for the presentation of peptides to the extracellular 
environment. Another large surface structure used for peptide display is the bacterial 
motive organ, the flagellum. Fusion of peptides to the subunit protein flagellin offers a 
dense array of many peptides copies on the host cells (Kuwajima et al. (1988) Bio/Tech. 6, 
1080-1083). Surface proteins of other bacterial species have also served as peptide fusion 
partners. Examples include the Staphylococcus protein A and the outer membrane protease 
IgA of Neisseria (Hansson et al. (1992) J. Bacteriol. 174, 4239-4245 and Klauser et al. 
(1990) EMBO J. 9, 1991-1999). 

[000125] In the filamentous phage systems and the LamB system described above, the 
physical link between the peptide and its encoding DNA occurs by the containment of the 
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DNA within a particle (cell or phage) that carries the peptide on its surface. Capturing the 
peptide captures the particle and the DNA within. An alternative scheme uses the DNA- 
binding protein Lad to form a link between peptide and DNA (Cull et al. (1992) PNAS 
USA 89:1865-1869). This system uses a plasmid containing the Lad gene with an 
oligonucleotide cloning site at its 3'-end. Under the controlled induction by arabinose, a 
Lacl-peptide fusion protein is produced. This fusion retains the natural ability of Lad to 
bind to a short DNA sequence known as LacO operator (LacO). By installing two copies of 
LacO on the expression plasmid, the Lacl-peptide fusion binds tightly to the plasmid that 
encoded it. Because the plasmids in each cell contain only a single oligonucleotide 
sequence and each cell expresses only a single peptide sequence, the peptides become 
specifically and stably associated with the DNA sequence that directed its synthesis. The 
cells of the library are gently lysed and the peptide-DNA complexes are exposed to a matrix 
of immobilized receptor to recover the complexes containing active peptides. The 
associated plasmid DNA is then reintroduced into cells for amplification and DNA 
sequencing to determine the identity of the peptide ligands. As a demonstration of the 
practical utility of the method, a large random library of dodecapeptides was made and 
selected on a monoclonal antibody raised against the opioid peptide dynorphin B. A cohort 
of peptides was recovered, all related by a consensus sequence corresponding to a six- 
residue portion of dynorphin B. (Cull et al. (1992) Proc. Natl. Acad. Sci. U.S.A. 89-1869). 

[000126] This scheme, sometimes referred to as peptides-on-plasmids, differs in two 
important ways from the phage display methods. First, the peptides are attached to the C- 
terminus of the fusion protein, resulting in the display of the library members as peptides 
having free carboxy termini. Both of the filamentous phage coat proteins, pin and pVm, 
are anchored to the phage through their C-termini, and the guest peptides are placed into the 
outward-extending N-terminal domains. In some designs, the phage-displayed peptides are 
presented right at the amino terminus of the fusion protein. (Cwirla, et al. (1990) Proc. Natl. 
Acad. Sci. U.S.A. 87, 6378-6382). A second difference is the set of biological biases 
affecting the population of peptides actually present in the libraries. The Lad fusion 
molecules are confined to the cytoplasm of the host cells. The phage coat fusions are 
exposed briefly to the cytoplasm during translation but are rapidly secreted through the 
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inner membrane into the periplasmic compartment, remaining anchored in the membrane by 
their C-terminal hydrophobic domains, with the N-termini, containing the peptides, 
protruding into the periplasm while awaiting assembly into phage particles. The peptides in 
the Lad and phage libraries may differ significantly as a result of their exposure to different 
proteolytic activities. The phage coat proteins require transport across the inner membrane 
and signal peptidase processing as a prelude to incorporation into phage. Certain peptides 
exert a deleterious effect on these processes and are underrepresented in the libraries 
(Gallop et al. (1994) J. Med. Chem. 37(9): 1233-1251). These particular biases are not a 
factor in. the Lad display system. 

[000127] The number of small peptides available in recombinant random libraries is 
enormous. Libraries of 10 7 -10 9 independent clones are routinely prepared. Libraries as 
large as 10 n recombinants have been created, but this size approaches the practical limit for 
clone libraries. This limitation in library size occurs at the step of transforming the DNA 
containing randomized segments into the host bacterial cells. To circumvent this limitation, 
an in vitro system based on the display of nascent peptides in polysome complexes has 
recently been developed. This display library method has the potential of producing 
libraries 3-6 orders of magnitude larger than the currently available phage/phagemid or 
plasmid libraries. Furthermore, the construction of the libraries, expression of the peptides, 
and screening, is done in an entirely cell-free format. 

[000128] The specific role of the Homer protein in vivo can be investigated by engineering 
Homer "knock out" mice in. which most of the endogenous Homer gene coding sequence is 
deleted, thereby creating mice which are unable to produce functional Homer protein. 

[000129] To this end, transgenic animals that express the Homer protein, PPIase and/or 
proline-type Homer ligand consensus sequences can be used. Animals of any species, 
including, but not limited to, mice, rats, rabbits, guinea pigs, pigs, micro-pigs, goats, and 
non-human primates, e.g., baboons, monkeys, and chimpanzees may be used to generate 
Homer protein transgenic animals. 
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[000130] Any technique known in the art may be used to introduce the human Homer 
protein transgene into animals to produce the founder lines of transgenic animals. Such 
techniques include, but are not limited to pronuclear microinjection (Hoppe, P. C. and 
Wagner, 1989, U.S. Pat. No. 4,873,191); retrovirus mediated gene transfer into germ lines 
(Van der Putten et al., 1985, Proc. Natl. Acad. Sci., USA 82: 6148-6152); gene targeting in 
embryonic stem ceUs (Thompson et al., 1989, Cell 56: 313-321); electroporation of embryos 
(Lo, 1983, Mol Cell. Biol. 3: 1803-1814); and sperm-mediated gene transfer (Lavitrano et 
al., 1989, Cell 57: 717-723); etc. For a review of such techniques, see Gordon, 1989, 
Transgenic Animals, Intl. Rev. Cytol. 1 15: 171-229, which is incorporated by reference 
herein in its entirety. 

[000131] In one embodiment, transgenic animals carry the Homer transgene in all their 
cells, in another embodiment, animals carry the transgene in some, but not all their cells, 
i.e., mosaic animals. The transgene may be integrated as a single transgene or in 
concatamers, e.g., head-to-head tandems or head-to-tail tandems. The transgene may also be 
selectively introduced into and activated in a particular cell type by following, for example, 
the teaching of Lasko et al. (Lasko, M. et al., 1992, Proc. Natl. Acad. Sci. USA 89: 6232- 
6236). The regulatory sequences required for such a cell-type specific activation will 
depend upon the particular cell type of interest, and will be apparent to those of skill in the 
art. When it is desired that the Homer transgene be integrated into the chromosomal site of 
the endogenous Homer gene, gene targeting is preferred. Briefly, when such a technique is 
to be utilized, vectors containing nucleotide sequences homologous to the endogenous 
Homer gene and/or sequences flanking the gene are designed for the purpose of integrating, 
via homologous recombination with chromosomal sequences, into and disrupting the 
function of the endogenous Homer gene. The transgene may also be selectively expressed 
in a particular cell type with concomitant inactivation of the endogenous Homer gene in 
only that cell type, by following, for example, the teaching of Gu et al. (Gu, et al., 1994, 
' Science 265: 103-106). The regulatory sequences required for such a cell-type specific 
recombination will depend upon the particular cell type of interest, and will be apparent to 
those of skill in the art. 
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[000132] Once founder animals have been generated, standard techniques such as Southern 
blot analysis or PCR techniques are used to analyze animal tissues to determine whether 
integration of the transgene has taken place. The level of mRNA expression of the 
transgene in the tissues of the founder animals may also be assessed using techniques which 
include but are not limited to Northern blot analysis of tissue samples obtained from the 
animal, in situ hybridization analysis, and RT-PCR. Samples of Homer gene-expressing 
tissue, may also be evaluated immunocytochemically using antibodies specific for the 
Homer transgene product. 

[000133] The compounds that are determined to affect Homer protein activity, Homer 
protein/PPIase interaction and/or Homer protein/proline-type Homer ligand consensus 
sequence interaction can be administered to a patient at therapeutically effective doses to 
treat or ameliorate Homer signaling related disorders. A therapeutically effective dose 
refers to that amount of the compound sufficient to result in amelioration of symptoms of 
Homer signaling related disorder (e.g., restoring erectile function). 

[000134] The assays described above can identify compounds which affect Homer protein 
activity , Homer protein/PPIase interaction and/or Homer protein/proline-type Homer ligand 
consensus sequence interaction. For example, compounds that affect Homer protein activity 
include but are not limited to compounds that bind to the Homer protein, inhibit binding of 
the natural ligand, and either activate signal transduction (agonists) or block activation 
(antagonists), and compounds that bind to the natural ligand of the Homer protein and 
neutralize ligand activity. However, it should be noted that the assays described can also 
identify compounds that modulate Homer signaling pathways (e.g., compounds which affect, 
downstream signaling events, such as inhibitors or enhancers of G protein activities which 
participate in transducing the signal activated by ligand binding to the Homer protein). The 
identification and use of such compounds which affect signaling events downstream of 
Homer protein binding and thus modulate effects of Homer protein are within the scope of 
the invention. 

[000135] The compounds which may be screened in accordance with the invention include, 
but are not limited to peptides, antibodies and fragments thereof, and other organic 
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compounds (e.g., peptidomimetics) that bind to the Homer protein, PPIase and/or proline- 
type Homer ligand consensus sequences and either mimic the activity triggered by the 
natural ligand (i.e., agonists) or inhibit the activity triggered by the natural ligand (i.e., 
antagonists); as well as peptides, antibodies or fragments thereof, and other organic 
compounds that include the Homer protein, PPIase and/or proline-type Homer ligand 
consensus sequences (or portions thereof) that bind to and "neutralize" natural ligand. 

[000136] Compounds may include, but are not limited to, peptides such as, for example, 
soluble peptides, including but not limited to members of random peptide libraries; (see, 
e.g., Lam, K. S. et al., 1991, Nature 354: 82-84; Houghten, R. et al., 1991, Nature 354: 84- 
86), and combinatorial chemistry-derived molecular library made of D- and/or L- 
configuration amino acids, phosphopeptides (including, but not limited to, members of 
random or partially degenerate, directed phosphopeptide libraries; see, e.g., Songyang, Z. et 
al., 1993, Cell 72: 767-778), antibodies (including, but not limited to, polyclonal, 
monoclonal, humanized, anti-idiotypic, chimeric or single chain antibodies, and FAb, 
F(ab') 2 and FAb expression library fragments, and epitope-binding fragments thereof), and 
small organic or inorganic molecules. 

[000137] Other compounds which can be screened in accordance with the invention 
include but are not limited to small organic molecules that are able to cross the blood-brain 
barrier, gain entry into an appropriate cell and affect the expression of the Homer protein or 
some other gene involved in the Homer signaling pathway (e.g., by interacting with the 
regulatory region or transcription factors involved in gene expression); or such compounds 
that affect the activity of the Homer protein or the activity of some other intracellular factor 
involved in the Homer signaling pathway. 

[000138] Computer modeling and searching technologies permit identification of 
compounds, or the improvement of already identified compounds, that can modulate Homer 
protein activity, Homer protein/PPIase interaction and/or Homer protein/proline-type 
Homer ligand consensus sequence interaction. Having identified such a compound or 
composition, the active sites or regions are identified. Such active sites might typically be 
ligand binding sites. The active site can be identified using methods known in the art 
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including, for example, from the amino acid sequences of peptides, from the nucleotide 
sequences of nucleic acids, or from study of complexes of the relevant compound or 
composition with its natural ligand. In the latter case, chemical or X-ray crystallographic 
methods can be used to find the active site by finding where on the factor the complexed 
ligand is found. 

[000139] Next, the three dimensional geometric structure of the active site is determined. 
This can be done by known methods, including X-ray crystallography, which can determine 
a complete molecular structure. On the other hand, solid or liquid phase NMR can be used 
to determine certain intra-molecular distances. Any other experimental method of structure 
determination can be used to obtain partial or complete geometric structures. The geometric 
structures may be measured with a complexed ligand, natural or artificial, which may 
increase the accuracy of the active site structure determined. 

[000140] If an incomplete or insufficiently accurate structure is determined, the methods of 
computer based numerical modeling can be used to complete the structure or improve its 
accuracy. Any recognized modeling method may be used, including parameterized models 
specific to particular biopolymers such as proteins or nucleic acids, molecular dynamics 
models based on computing molecular motions, statistical mechanics models based on 
thermal ensembles, or combined models. For most types of models, standard molecular 
force fields, representing the forces between constituent atoms and groups, are necessary, 
and can be selected from force fields known in physical chemistry. The incomplete or less 
accurate experimental structures can serve as constraints on the complete and more accurate 
structures computed by these modeling methods. 

[000141] Finally, having determined the structure of the active site, either experimentally, 
by modeling, or by a combination, candidate modulating compounds can be identified by 
searching databases containing compounds along with information on their molecular 
structure. Such a search seeks compounds having structures that match the determined 
active site structure and that interact with the groups defining the active site. Such a search 
can be manual, but is preferably computer assisted. These compounds found from this 
search are potential Homer protein modulating compounds. 
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[000142] Alternatively, these methods can be used to identify improved modulating 
compounds from an already known modulating compound or ligand. The composition of 
the known compound can be modified and the structural effects of modification can be 
determined using the experimental and computer modeling methods described above 
applied to the new composition. The altered structure is then compared to the active site 
structure of the compound to determine if an improved fit or interaction results, hi this 
manner systematic variations in composition, such as by varying side groups, can be quickly 
evaluated to obtain modified modulating compounds or ligands of improved specificity or 
activity. 

[000143] Further experimental and computer modeling methods useful to identify 
modulating compounds based upon identification of the active sites of Homer protein, and 
related signaling, will be apparent to those of skill in the art. 

[000144] Examples of molecular modeling systems are the CHARMm and QUANTA 
programs (Polygen Corporation, Waltham, Mass.). CHARMm performs the energy 
nnnimization and molecular dynamics functions. QUANTA performs the construction, 
graphic modeling and analysis of molecular structure. QUANTA allows interactive 
construction, modification, visualization, and analysis of the behavior of molecules with 
each other. 

[000145] A number of articles review computer modeling of drugs interactive with specific 
proteins, such as Rotivinen, et al. (1988 Acta Pharmaceutical Fennica 97: 159-166); Ripka 
(1988 New Scientist 54-57); McKinaly and Rossmann (1989, Annu. Rev. Pharmacol. 
Toxiciol. 29: 1 1 1-122); Perry and Davies, OSAR: Quantitative Structure-Activity 
Relationships in Drug Design pp. 189-193 Alan R. Liss, Inc. 1989; Lewis and Dean (1989, 
Proc. R. Soc. Lond. 236: 125-140 and 141-162); and, with respect to a model receptor for 
nucleic acid components, Askew, et al. (1989, J. Am. Chem. Soc. Ill: 1082-1090). Other 
computer programs that screen and graphically depict chemicals are available from 
companies such as BioDesign, Inc. (Pasadena, Calif), Allelix, Inc. (Mississauga, Ontario, 
Canada), and Hypercube, Inc. (Cambridge, Ontario). 
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[000146] Although described above with reference to design and generation of compounds 
which could alter binding, one could also screen libraries of known compounds, including 
natural products or synthetic chemicals, and biologically active materials, including 
proteins, for compounds which are inhibitors or activators. 

[000147] Compounds identified via assays such as those described herein may be useful, 
for example, in elaborating the biological function of the Homer protein. Assays for testing 
the efficacy of compounds identified in the cellular screen can be tested in animal model 
systems. Such animal models may be used as test substrates for the identification of drugs, 
pharmaceuticals, therapies and interventions which may be effective in treating Homer 
signaling disorders. 

[000148] Toxicity and therapeutic efficacy of such compounds can be determined by 
standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for 
determining the LD 50 (the dose lethal to 50% of the population) and the ED 50 (the dose 
therapeutically effective in 50% of the population). The dose ratio between toxic and 
therapeutic effects is the therapeutic index and it can be expressed as the ratio LD 50 /ED 50 . 
Compounds which exhibit large therapeutic indices are preferred. While compounds that 
exhibit toxic side effects may be used, care should be taken to design a delivery system that 
targets such compounds to the site of affected tissue in order to minimize potential damage 
to unaffected cells and, thereby, reduce side effects. 

[000149] The data obtained from the cell culture assays and animal studies can be used in 
formulating a range of dosage for use in humans. The dosage of such compounds lies 
preferably within a range of circulating concentrations that include the ED 50 with little or no 
toxicity. The dosage may vary within this range depending upon the dosage form employed 
and the route of administration utilized. For any compound used in the method of the 
invention, the therapeutically effective dose can be estimated initially from cell culture 
assays. A dose may be formulated in animal models to achieve a circulating plasma 
concentration range that includes the IC 5 o (i.e., the concentration of the test compound 
which achieves a half-maximal inhibition of symptoms) as determined in cell culture. Such 
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information can be used to more accurately determine useful doses in humans. Levels in 
plasma may be measured, for example, by high performance liquid chromatography. 

[000150] Pharmaceutical compositions for use in accordance with the present invention 
may be formulated in a conventional maimer using one or more physiologically acceptable 
carriers or excipients. 

[000151] Thus, the compounds and their physiologically acceptable salts and solvates may 
be formulated for administration by inhalation or insufflation (either through the mouth or 
the nose) or oral, buccal, parenteral or rectal administration. 

[000152] For oral administration, the pharmaceutical compositions may take the form of, 
for example, tablets or capsules prepared by conventional means with pharmaceutically 
acceptable excipients such as binding agents (e.g., pregelatinised maize starch, 
polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.g., lactose, 
microcrystalline cellulose or calcium hydrogen phosphate); lubricants (e.g., magnesium 
stearate, talc or silica); disintegrants (e.g., potato starch or sodium starch glycolate); or 
wetting agents (e.g., sodium lauryl sulphate). The tablets may be coated by methods well 
known in the art. Liquid preparations for oral administration may take the form of, for 
example, solutions, syrups or suspensions, or they may be presented as a dry product for 
constitution with water or other suitable vehicle before use. Such liquid preparations may 
be prepared by conventional means with pharmaceutically acceptable additives such as 
suspending agents (e.g., sorbitol syrup, cellulose derivatives or hydrogenated edible fats); 
emulsifying agents (e.g., lecithin or acacia); non-aqueous vehicles (e.g., almond oil, oily 
esters, ethyl alcohol or fractionated vegetable oils); and preservatives (e.g., methyl or 
propyl-p-hydroxybenzoates or sorbic acid). The preparations may also contain buffer salts, 
flavoring, coloring and sweetening agents as appropriate. 

[000153] Preparations for oral administration may be suitably formulated to give controlled 
release of the active compound. 

[000154] For buccal administration the compositions may take the form of tablets or 
lozenges formulated in conventional manner. 
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[000155] For administration by inhalation, the compounds for use according to the present 
invention are conveniently delivered in the form of an aerosol spray presentation from 
pressurized packs or a nebuliser, with the use of a suitable propellant, e.g., 
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide 
or other suitable gas. In the case of a pressurized aerosol the dosage unit may be 
determined by providing a valve to deliver a metered amount. Capsules and cartridges of 
e.g., gelatin for use in an inhaler or insufflator may be formulated containing a powder mix 
of the compound and a suitable powder base such as lactose or starch. 

[000156] The compounds may be formulated for parenteral administration by injection, 
e.g., by bolus injection or continuous infusion. Formulations for injection may be presented 
in unit dosage form, e.g., in ampoules or in multi-dose containers, with an added 
preservative. The compositions may take such forms as suspensions, solutions or emulsions 
in oily or aqueous vehicles, and may contain formulatory agents such as suspending, 
stabilizing and/or dispersing agents. Alternatively, the active ingredient may be in powder 
form for constitution with a suitable vehicle, e.g., sterile pyrogen-free water, before use. 

[000157] The compounds may also be formulated in rectal compositions such as 
suppositories or retention enemas, e.g., containing conventional suppository bases such as 
cocoa butter or other glycerides. 

[000158] In addition to the formulations described previously, the compounds may also be 
formulated as a depot preparation. Such long acting formulations may be administered by 
implantation (for example subcutaneously or intramuscularly) or by intramuscular injection. 
Thus, for example, the compounds may be formulated with suitable polymeric or 
hydrophobic materials (for example as an emulsion in an acceptable oil) or ion exchange 
resins, or as sparingly soluble derivatives, for example, as a sparingly soluble salt. 

[000159] The compositions may, if desired, be presented in a pack or dispenser device 
which may contain one or more unit dosage forms containing the active ingredient. The 
pack may for example comprise metal or plastic foil, such as a blister pack. The pack or 
dispenser device maybe accompanied by instructions for administration. 
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[000160] The peptide agents of the invention can be prepared using standard solid phase 
(or solution phase) peptide synthesis methods, as is known in the art. In addition, the DNA 
encoding these peptides may be synthesized using commercially available oligonucleotide 
synthesis instrumentation and produced recombinantly using standard recombinant 
production systems. The production using solid phase peptide synthesis is necessitated if 
non-gene-encoded amino acids are to be included. 

[000161] The following examples are intended to illustrate but not limit the invention. 

EXAMPLE 1 
PPIase Regulation of Homer Binding 

[000162] As a first test of the hypothesis, the effect of treating cells expressing mGluRS 
transgene with agents that bind to and inactivate PPIases was examined. There are three 
families of rotamases expressed in mammalian tissues that possess distinct structures and 
pharmacologies. The FKBP family includes FKBP 12, 12.6, 13, 25, 33, 51 and 52, and 
members of this family are inhibited by FK506 (Gothel and Marahiel, 1999) (Figure 3). 
The Cyclophilin family includes cyclophilin A-D and cyclophilin 40, and members of this 
family are inhibited by cyclosporin A (Gothel and Marahiel, 1999). The Pin family is a 
newly described group of PPIases (Lu et al., 1996) of the parvulin family (Gothel and 
Marahiel, 1999). Pinl does not have a reported pharmacology of antagonists. 

[000163] FK506 is a useful pharmacological tool to inhibit FKBP rotamase activity, but 
also possesses other actions that complicate analysis. After binding to FK506, FKBP binds 
to the phosphatase termed calcineurin and inhibits its activity (Gothel and Marahiel, 1999). 
Recently, new pharmacological agents have been developed that bind to FKBP and inhibit 
its activity, but do not affect calcineurin activity (Snyder et al., 1998). GPI 1046 is 
representative of this class of FKBP antagonist (Figure 3). 

[000164] If PPIases regulate the conformational state of the mGluRS, it was anticipated 
that PPIase inhibitors would alter the ability of the mGluRS to bind to Homer. To examine 
this hypothesis, Homer was expressed as a bacterial fusion protein with glutathione S- 
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transferase (GST) and loaded the protein on a glutathione agarose bead. These binding 
assays are identical to those used previously to document the ligand consensus sequence in 
mGluR5 (Tu et al., 1998), and for analysis of the binding surfaces of Homer (Beneken et al., 
2000). 

[000165] Cells were treated for different times with PPIase inhibitors and then harvested in 
buffer containing protease and phosphatase inhibitors and 1% Triton detergent. Soluble 
lysates were then mixed with beads loaded with GST-Homer incubated for 1 hr at 4°C, 
washed several times and proteins eluted with SDS loading buffer. Treatment of cells with 
1 micromolar FK506 resulted in a time-dependent increase in mGluRS binding (Figure 4). 
Increased binding was detected by 3 hrs and remained elevated for 24 hrs. 

[000166] The pharmacology of the response was next examined by treating cells with 
GPI1046, which inhibits FKBP 12 and 12.6 but does not inhibit calcineurin (Snyder et al., 
1998). 1 micromolar GPI 1046 was also effective in increasing mGluR binding to GST- 
Homer (Figure 5). This result suggests that the increase in mGluRS binding is due to 
inhibition of PPIase rather than calcineurin. In contrast to FK506, mGluRS binding 
increased within 30 min, peaked by 3 hrs and decreased after 12 or 24 hrs of treatment. GPI 
1046 did not significantly alter expression of mGluRS. 

[000167] One mechanism that would explain increased mGluRS binding by FK506 and 
GPI1046 is that endogenous PPIase binds to and occludes the Homer ligand. Since PPIases 
also bind proline rich sequences, it is possible that Homer and PPIases bind and compete for 
the same proline-rich sequence. Therefore, whether mGluRS would bind to GST-FKBP12 
or the related FKBP52 was examined. Lysates were prepared from cells expressing 
mGluRS and used for binding assays as described above. mGluR5 bound to GST-FKBP52 
(Figure 6), but not to FKBP 12. This is the first demonstration of this interaction. 

[000168] To further examine the hypothesis that Homer binding is modified by FKBPs, the 
consequence of co-expressing mGluRS and FKBP 12 or FKBP52 on the ability of the 
mGluR5 to subsequently bind GST-Homer was examined. In these assays, both FKBP 12 
and FKBP52 increased binding to GST-Homer (Figure 7) without altering expression of 
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mGluRS. Because all transgenes are tagged with the HA epitope, it is possible to compare 
the relative efficacy of FKBP12 and FKBP52. In these assays, FKBP52 appeared equally 
effective with FKBP12. This result suggests that the FKBP increases the pool of mGluRS 
in the optimal configuration/state to bind Homer. 

EXAMPLE 2 
Homer Binds to Tip Family Protein TrpCl 

[000169] The hypothesis that Homer binds a proline rich sequence in the C-terminus of a 
family of membrane ion channels termed the Trp channels (Montell et al., 2002; Montell et 
al., 2002) was examined next. Trp channels are named for the first described member that 
is the basis for transient receptor potential in Drosophila phototransduction (Montell, 2001) 
and are nonspecific cation channels. This family is now recognized to include Trp channels 
that mediate influx of extracellular calcium, and VR1 subfamily proteins that mediate pain 
and temperature sensation (Figure 8) (Clapham et al., 2001). The sequence LPXPF (SEQ 
ID NO: 12) is conserved in many members of the Trp channel family (Figure 9) (Montell, 
2001), and conforms with the Homer consensus sequence PXXF (SEQ ID NO:3). 

[000170] To test whether Homer binds TrpCl channel (Wes et al., 1995), detergent lysates 
from cerebellum was prepared. TrpCl is present in cerebellum and migrates on SDS-PAGE 
as a predominant dimmer species. Lysates were mixed with beads loaded with GST-Homer 
EVH1 or point mutants (G91N and W27A) that fail to bind mGluR (Figure 10). The 
monomer species of TrpCl binds Homer 3 GST. Binding appears specific since TrpCl 
does not bind Homer 1 W24A or Homer 1 G89N. It should be noted that three independent 
TrpCl antibodies detect a TrpCl as a predominant dimer form in tissues. By contrast, the 
predominant TrpCl form that binds GST Homer runs as a monomer. These binding data 
indicate an interaction between Homer and TrpCl that is dependent on the same sites of 
interaction as those defined for Homer and mGluRS. 



[000171] To further confirm this interaction, immunoprecipitation studies from rat brain 
and demonstrated that TrpCl co-IPs with Homer from hippocampus and cerebellum were 
performed (Figure 11). Homer 1 Ab co-IPs the monomer form of TrpCl from 
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hippocampus, while Homer 3 Ab co-IPs both the monomer and dimer species from 
cerebellum. Evidence of co-IP from brain indicates that Homer is a natural binding partner 
with TrpCl. 

EXAMPLE 3 

Homer Binding to TrpCl Is Dependent on a Proline Rich Sequence in C-terminus 

[000172] Examination of the molecular specificity of interaction between Homer and 
TrpCl was performed. Mutants of TrpCl were generated and tested for binding to GST- 
Homer in pull-down assays. Deletion of the C-terminus after the putative Homer binding 
site did not reduce binding. As predicted from previous studies of Homer EVH1 binding to 
various other ligands, point mutants of LPPPF (SEQ ID NO: 13) to LPPPR (SEQ ID NO: 14) 
resulted in a TrpCl protein that could not bind Homer (Figure 12, left). Also consistent 
with Homer binding specificity to mGluRS (Tu et al., 1998), mutation to LPLPF (SEQ ID 
NO: 15) did not reduce binding. In contrast to previous mutation analysis of mGluR5, the 
LLPPF (SEQ ID NO: 16) TrpCl mutant retained binding activity with Homer. In fact, 
binding to this mutant appeared increased relative to wild type. While this result is not in 
direct conflict with the proposed molecular understanding of the interaction (Beneken et al., 
2000), a similar mutation in mGluR5 substantially reduced binding to Homer (Tu et al., 
1998). 

EXAMPLE 4 

Homer Binds a Novel Ligand in the N-tenninus of TrpC 1 



[000173] Further analysis of Homer binding to TrpCl revealed a second binding site in the 
N-terminus. During analysis of Homer binding to TrpCl it was discovered that an N- 
terminal fragment of TrpCl also binds Homer. By generating and testing a series of 
deletion mutants, a second site of interaction was mapped to a sequence present in the N- 
terminus of TrpCl ; LPSSPSSSSP (SEQ ID NO:5). An absence of a phenylalanine in this 
region was observed, suggesting that the binding interaction may be different from 
previously described Homer interactions. Mutation of prolines from LPSSPSSSSP (SEQ 
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ID NO:5) to LASSPSSSSP (SEQ ID NO:5) or LPSSASSSSP (SEQ ID NO: 17) resulted in 
TrpCl mutants that no longer interacted with GST-Homer 3 EVH1 (Figure 12, right). By 
contrast, mutation to APSSPSSSSP (SEQ ID NO: 18) or LPSSPSSSSA (SEQ ID NO: 19) 
did not reduce binding to Homer. Together, these observations suggest a consensus of 
PSSP (SEQIDNO:4). 

[000174J Consistent with the notion that there is no requirement for a contact with an 
aromatic hydrocarbon side chain, which is important for conventional Homer binding, it 
was observed that the N-terminal TrpCl binds to the G89N mutant of Homer 1 EVH1 (or 
the equivalent G91N mutant of Homer 3 EVH1, Figure 13). This binding is less robust than 
to wt Homer 1 EVH1 but is clearly distinct from the binding observed with proteins that 
encode conventional Homer ligands (now termed type 1 Homer ligand), which do not bind 
Homer 1 EVH1G89N (Beneken et al., 2000). Homer binding to the N-terminal sequence 
(now termed type 2 Homer ligand) does involve the same binding groove as type 1 since the 
LPSSP (SEQ ID NO:20) ligand does not bind Homer 1 EVH1 W24A mutant. These studies 
confirmed that Homer binds to two sites in TrpCl. A novel, type 2 Homer ligand (LPSSP, 
SEQ ID NO:20) is present in the N-terminal sequence and a conventional type 1 Homer 
ligand (PXXF, SEQ ID NO:3) is present in the C-terminus. 

[000175] A search of the public data base with the type 2 Homer ligand identifies (among a 
longer list of genes) the following confirmed Homer interactors: synphilin (Engelender et 
aL, 1999), EF2kinase (Ryazanov et al., 1999; Ryazanov et al., 1997), and Pike (Ye et al., 
2002; Ye et al., 2000). Homer has been confirmed to bind each of these proteins using both 
GST pull down assays and co-immunoprecipitation assays from brain. Another potentially 
interesting Homer interactor with a type 2 Homer ligand is p70, which is involved in growth 
factor signaling (Majidi et al., 2000; Majidi et al., 1998), Notch 4 and transcription factors 
AGIE-BP1 (angiotensinogen gene-reducible enhancer-binding protein 1), cytosolic 
thymidine kinase, neuronal PAS domain protein 2, zona pellucida sperm-binding protein 3 
precursor (sperm receptor), p82 (Majidi et al., 2000), and androgen receptor. 
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EXAMPLE 5 

Homer Binding to TrpCl is Modified by PPIase Inhibitors 

[000176] An observation from the Homer-TrpCl binding data remained enigmatic. 
Binding to the N-terminal type 2 Homer ligand is dramatically increased by deletion of the 
C-terminal site. Additionally, certain point mutants of the C-terminal Homer ligand 
increase binding to Homer. An answer to this paradox was suggested by a report that 
showed the Drosophila homologue of Trp binds the FKBP protein termed FKBP59 (Goel et 
al., 2001). The site of interaction was shown to overlap the type 1 Homer ligand in C- 
terminus of dTrp. The possibility that an FKBP homologue might bind mammalian TrpCl 
and impact the binding of Homer was explored. As a first test of this hypothesis, the 
consequence of treating cells expressing TrpCl with FK506, and then testing TrpCl binding 
to GST-Homer was examined. HEK293 cells were transfected with wt TrpCl and treated 
with 150 nM FK506 for times ranging from 15 min to 24 hrs. Cells lysates were prepared 
in 1% Triton and mixed with GST-Homerl EVH1 and bound TrpCl assayed by western 
blot. Lysates were also assayed to compare expression in each of the samples. FK506 
treatment resulted in an increase in the amount of TrpCl that binds HomerlEVHl (Figure 
14). This effect was detected as early as 30 min after addition of FK506 and persisted for 
24 hrs. A peak of increased binding appeared at ~6hrs. Expression of TrpCl was not 
significantly altered during this time course. It was concluded that FK506 increases the 
binding of TrpCl to Homer at a dose that is known to the relevant for FKBP. 

[000177] To further test this hypothesis, the binding of TrpCl to GST-FKBP12 or GST- 
FKBP52 was examined. Also, the effect of pretreating cell lysates with FK506, GPM046, 
cyclosporin A or the control agent aniracetam (structurally similar to GPI-1946) was 
examined. The notion being that dissociation of endogenous FKBP would increase the 
availability of TrpCl to bind GST-FKBP in vitro. The FK506 might also be expected to 
bind to GST-FKBP but because this protein is highly concentrated on the bead and is in vast 
excess to cellular FKBP, the net consequence of drug treatment would be increased binding 
of TrpCl to GST-FKBP. In these assays, TrpCl bound to FKBP52 (Figure 15), but not to 
FKBP12. Binding of TrpCl to GST-FKBP52 was increased by treatment with both FK506 
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and GPI1046. The effect of these agents was particularly robust for the dimeric TrpCl 
species and was detected with 100 nM FK506 or GPI1046. These studies confirmed that 
TrpCl is bound by Homer and FKBP52, and that treatment of cell lysates or cells with 
drugs that inhibit rotamase activity and dissociate rotamases from their target proteins, 
result in enhanced binding of TrpCl to both Homer (Figure 14) and FKBP52 (Figure 15). 

[000178] Control experiments examined the possibility that Homer binding might be 
directly modified by FK506. A synthetic peptide that includes the Homer ligand site of 
mGluR5 was linked to bovine serum albumin (BSA) and this protein complex was linked to 
Affigel (Biorad). Purified recombinant Homer 1 was treated with 50 micromolar FK506 
and its binding to the synthetic peptide assayed. As anticipated, Homer 1 binds to the 
mGluR5 peptide. Binding was not affected by pretreatment with FK506. It was concluded 
that Homer binding to type 1 Homer ligand is not altered by FK506. 

EXAMPLE 6 

Homer Binding to TrpCl is Inhibited by Co-expressed FKBP12 or FKBP52 

[000179] To test the hypothesis that FKBPs can compete for Homer binding, cells were co- 
transfected with TrpCl and either FKBP12 or FKBP52 and GST-Homer binding assays 
were performed. In these assays, FKBP12 or FKBP52 inhibited the binding of TrpCl to 
Homer (Figure 16). 

EXAMPLE 7 

Binding of Synaptic Activation Protein Homer Protein to mGluRS 

[000180] Hippocampal lysate was prepared by sonicating hippocampi of 21 day old rats (3 
x 10 seconds) in PBS and 1% Triton with protease inhibitors, centrifuging for 10 minutes at 
15,000 g, and preclearing with CL-4B sepharose beads (Pharmacia, Piscataway, N.J.). 
Homer affinity columns were prepared by irreversibly crosslinking Homer GST fusion 
protein to Affigel agarose beads (1 mg Homer protein per 1 ml bed volume; Bio-Rad 
Laboratories, Richmond, Calif). 40 ml of beads were then incubated with lysate from one 
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hippocampus for one hour at 4°C, washed three times with PBS, and bound mGluR5 was 
eluted by boiling in 3 x loading buffer. 

[000181] For experiments examining specificity of Homer binding to metabotropic 
glutamate receptors, HEK293 cells were transiently transfected with mGluRla, mGluR2, 
mGluR4 or mGluR5 expression constructs, scraped into PBS+1% Triton X100, sonicated 2 
x 10 seconds, centrifuged at 15,000 g for 10 minutes at 4°C, and pre-cleared. Lysate from 
half of a 10 cm plate was incubated with 50 pi of beads linked to 250 ng of protein and 
washed as above. Samples were analyzed by western blot analysis using the appropriate 
polyclonal mGluR antibody. Deletion constructs of Homer were prepared by PCR and 
cloned as fusion constructs with GST in pGEX (Pharmacia, Piscataway, N J.). 

[000182] Hippocampal lysate was prepared as above. Rabbit anti-Homer serum or pre- 
immune serum were irreversibly linked to "AFFIGEL" agarose beads (Bio-Rad 
Laboratories, Richmond, Calif.) and washed extensively with PBS. 50 |xl beads were 
incubated with lysate from one hippocampus overnight at 4°C, washed 2 x with PBS with 
1% Triton and 2 x with PBS, resuspended in 3 x SDS loading buffer and analyzed by gel 
electrophoresis and western blot analysis. In control experiments, co-immunoprecipitation 
of mGluR5 was blocked by pre-incubating anti-Homer linked beads with 50 pg of Homer 
GST-fusion protein for 1 hour at 4°C. 

EXAMPLE 8 

Effect of FK-506 on Homer-mGluRl Interaction In Vivo 

[000183] To test the effect of PPIase inhibitors on Homer binding in vivo, adult rats were 
injected (i.p.) with 10 mg/kg of FK-506 or vehicle (DMSO) only. After 3 hours, the rats 
were sacrificed, and the cerebellum was collected. The results indicated that Homer binding 
to mGluRl increased with FK-506 versus control (Figure 17). 

[000184] Although the invention has been described with reference to the above examples, 
it will be understood that modifications and variations are encompassed within the spirit and 
scope of the invention. Accordingly, the invention is limited only by the following claims. 
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